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FLIGHT TESTS OF VARIOUS TAIL I'ODIFICATIONS
ON THE BREWSTER YSBAw-1l ATRPLAKE |
I - MEASURDMENTS OF FLYING
QUALITTES WITH CRIGINAL
¢ 11 SURFACEST
By W He Phillips and J. Me Nissen

A series of tests of the Brewster XSBA-~Ll airplane 1s
being conducted to determine the effect of various tail
modifications. The present revort describes an investiga-
tion of flying cqualities of the airplane with its orizinal
tail surfaces, The results may be summarized as follows:

1. The static longitudinal stability with stlck fixed
or free vas positive in all concditicns tested.

2. The average elevator force required in highly
accelerated meneuvers was 30 pounds per g norumal accelera=-
tion, This value was considered undesirably large.

3, _The stick travel required to stall in maneuvers was
about l. 6 inches.

il Trim changes caused by depressing the flaps or by
applicatlion of power were in the direction causing the nose
to rises The stick forces to maintain trim were considered
exceggive.

. 5; Lateral. oscillations of the airplane-with controls
free darmed to % amplitude in less than 2 cycles. No undamped
short-period oscillations ¢f the .controls themselves existed.

6. The aileron effcctiveness was sufficient to give a
value of the hellx angle pb/2V of 0.075 radian in right

lThe tail surfaces referred to in this report as "original
tall surfzces" were different from those used on earlier
models of the XSBA=l airplane. This tall design was developed
by the Haval Aircraft Factory as a prototype for the tail
surfaces later used in production models of the SBN=-1
airplane.
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rolls, 0,085 radian in lefSwwws®® ,:]cron control forces
were consldered excessive,

7, The directional stabilipy and dlhedral effect were
satisfactory, The pitching moment due to sideslip was
desirably small,

8. The rudder control was sufficlently effective for
all flight conditions, but the rudder forces were considered
excessive, '

9. The stalling characteristics were satisfactory.
INTRODUCT ION

At the request of the Bureau of aeronautlics, Navy
Department, a series of tests of the Brewster XSBA-1 airplane
is being conducted to cdeternine thie efrects of various taill
modifications. The rnndifications are to include (1) varia-
tion of the cliord of the elevaltors and rudder while the total
area of the surfaces is kept constant and (2) variations of
the total ares of the vertical tall surface.  This repcrt
presents the results of tests to determine the flying qualities
of the cirplane with 1ts original tail surfuces. The tests
were conducted at the Langley Menorilal Leronautical Laboratory. »

DESCRIPTION OF BRIEWSTER XSBA-1 ATIRPLANE

‘The XSBA=-1 airplane is a two-place, single-engine, mid-
wing, cantilever monopnlane with retractable landing gear.
For the investigations described in this report, the cut-outs
in the flap were sealed to .;ive a conventlonal Dartia1 span
split flap, (See fizs. 1 to l.) The general specifications
of the airplane Ifollow:

Name and tyne o o ¢« v « 4 o o o o o o . Brewster XSBA-1
Engine + & v v v v v v 4 o« « o o o Wri gnt Cyclone K-1820-33
Rated:
Teke-off 4+ v « v « « « o 950 hip at 2200 rpm and 1.0 in. :
' Hg manifold pressure
Maximum continuous
(sea level) . . . . . . G850 hp at 2100 rpm and 35.7 in,
' Hg munifold pressure
Cruising + « « ¢« « o « « o bH00 hp at 1qoo rpm and 30 in,
Hg menifold pressure
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Gear ratio (ungeared)

Proveller « « « o o o o o o
Dlameter . . . . « e e e e e e
Number of blades . . . ¢« + o« + &

Fuel cepaclty o v v o v 4 e 6 e e o

01l capaclty .« « ¢« ¢« o ¢ o o o « o

Empty weight . . . . . o« e e e e

Normal gross welght (bcout) . .

Wing loading (normal gross weibht)
Power loading (normal gross welght)
Over-all helght (thrust-axis level)
Over-all helight (three-woint
position to propelle: tips) . . .
Over-all length . . « « « « o« o o+ &
Wings
SPan .+ « « ¢ s 4 e .
Area (1nclud14ﬂ allerons
anc 29 sq £t fus
Airfoil §ection . . .

. L] . 3 . .

Aspect ratio ., . . e v e e e
Mean aerodynanic chord . s e e s
Distance behind leading edzge of
wing at root . . . .+ . . .
Taper ratio « ¢ « v « o & « o o .
Dihecdral:
Leading edge of center sectlion
Leacding edge of outer panel . .
Incidence « o o & ¢« ¢ o o ¢ o o &
Sweepback (L.I. of wing) . . . .
Wing flans:
APCA v v 4 4« 4 e e e s 4 e e
Maximum deflection . . « .« « « &
Allerons:
Lengthh ¢ ¢ o v o v o o o o &
Area, behind hinge line (each) .
Trimming-tab area,
behind hinge line (each) . . .
Mn area (sbove fuselage, ahead of
hinge line, not including balance
Rudder:
Vertical span (from center line
of fuselage) .+ « v « o o« o o
Area (behind hinge line but
including horn-balence area) .
Eorn-balance area . « + « « o o &

Trimming-tab area . . « . . « « . .

. . .

L] . .
L] L] .
. . L]
L] L] .
. . .
. . .
. . .
. L] .
L] L] L]
. . L]
. 3 .
. - .

. . L]
» L) L]
* L] [ ]
» - Ll
area)
. L] L 2

L
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. . . . o o l:l

Hamilton Standard constant speed

. . 91t

e @ e o ¢ o

[0
Ce o o o o

.. 9 ft, ? in.
. 27 tt, 11% in.

.« . 258 sq ft

Y tapered 18 percent to

.3 percent thick

TR

e« « « o 2.39 1in.
e« « « o 1.5:)

O I A5
O TS
s e e e . . .00
e v e e e . 1.6°
. . . 20.L sq ft
e e e . 679

. . 7 ft, 2 in.
.+« 9.7 8q ft

. . . 0365 Sq ft

.+« 12,1 8q £t

o]
N
O

0
K

5

ot

e« « « s s+ o« None

39 ft, 0 in. -
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Stabilizer area (ahead of hinge llne,
not including horn-balance area but
including contained fuselage ATEA) o v 4 b e e 39.6 sq It
levator: o
SPAN & o « o 4 o s o e e e+ o e e 4w o . o 1P, 10 In.
Area {behind hinge line
including horn-balance area) . . « + « » « o 30.6 sq £t
Trimming-teh aIe& o o o o o o s e e e e e e . 1.7 sq Tt
Trimming-tab travel . . 9,00 tall heavy, 5° nose heavy
Distance from elevator and rudder .
hinge-lines to leading edge of wing . . . 18 ft, 115
Zaximum fuselage :
cross-sectional area (at cowling) « o « « o o 18.3 sq £t

in,

The OPLLiR&l horizontal and vertical taill surfaces are
shown in figures 5 and 6.

The r@“atlod tetween the control-stick position and the
elevator and aileron angles 1s shown in flgures 7 and 3.

TUSTRUMPNT INSTALLATION

Ttem HACA instrument
Time : Timer
Airspeecd ’ Airspeed recorder
Elevator, atlecron, and
rudder coutrol forces Control-force recorders
ngular velocity about
the three airplane axes Angular-velocity recorders
Normal, longitudinal, and Three-component accelero-
lateral acceleration meter
Angle o1 sideslip Recording yaw vane
Inclination of thrust
axis or angle of. bank , Recording inclinometer

The alrspeed rebﬁfﬂer was connected to a pitot-static
head attached to a boom extending 1 choru length ahead of

the right wing tin, Thits instrument was free to swivel in
pitck but not in yaw, The yaw vane ‘was connected to a
similar boom on the left wing tip. for measurements of

rudder and elevator angles in cases in which the control
forces were large, control- wsition recorders attached
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directly to the elevator and rudder were used. Errors due
to cable stretch were therehy eliminated. In addition, the
rudder, elevator, and aileron angles were neasured by &
three-comnonent control-nosition recHrder attached to the
control cavles ncar the rear cockpit. In cases in which the
recoxrders attached directly to the rudder and elevator were
rot used, the angles recorded by this instrument were cor-
rected for stretch in the control cables. No attempt was.
made, however, to correct the recorded aileron angles for
stretch in the aileron liakuage,

ATRSFEED CATLIBRATION

ion of the alrspeed recorder was made by
&

TISTS, KUSULTS, AND DISCUSSIO

A11 the meacsurements of flying qualities were made with
the center of gravity located at 25 F rercent of the mean
serndynaniic chgrg withi full serwvice load. In this condi~
tion, the airplane welrhed 5770 pounds., Retracting the
landing gear had no effect on trhe horizontal locstion of the
center ol gravity. When all the gus and oil were used, the
centeér of gravity was moved fo rward to 2%.8 percent of the
mean aerodvnanmic chord. The verticel location of the ,
center of gravity was at 7.0 percent of the mean aerodynamic
chord above the thrust axis with landing gear retracted, or
at 1.2 percent of the mean serodynamic chord above the thrust
axis with lending gear extended.

Longitudinal Stability and Control

Characteristics of uncontrolled longitudinal motion., =
Of the twn types of control-free loagitudinal oscillation,
only the shert-period oscillation wae investigated with the
A832-1 airplane btecuause previons rescarch hés shown that the
well-known long-period (phugolid) oscillation has 1little or
no correlation with -the abllity of pilots to fly an sirplane
efficlently, '

The degrec of darping of the short-period oscillation
was determined by deflecting the elevator and gulckly



releasing 1t at high sneed, In all ceases, the subseguent
variation of normal accelsration and elevator angle had com-
pletely disappeared af'ter one cycle, thereby satisfying the
requirement for this condition suggested in reference 1.

Characteristics of elevator control in steady flight. -
The characteristics oI tne elevator control of the XSBA-1
sirplane in steady [light were measured by recording the
elevator nositions and forces reguired for trim at various
airspeeds and trirmming-tab settings. The measurements were
made in the folleowing conditions of flight:

. Manifold pressurel|tfngine ; .
Flight Tk 2000 i smeeql Flap Landing-gear
PU w w3 ! . . K] . B
condition (in. Ig) (rpm) position position
Cruising 25 1500 Up Up
: ] : Y ] -
Climbing zZ2 1000 {-==C0==-= Do.
Gliding Throttle closed =~ |--=dD---= vo.
Landing cwmmmndO - Pomme Doan Down
Approsach 19 1900 [Half down Do
Wave-off 2], 2100 Down Do.

Conclusions reached regarding the elevator control
characteristics may be summarized as follows:

(1) Tn all the flight conditions tested, stick-fixed
static stabilitv exlsted, as shown by the negative slcpes of
the curves of elevator angle agzainst airspeed (figs. 9 to 12).
The stablility was greatest Iin the landing condition (flaps

and landing gear cown, power off). It was also relatively
large in the z1liding condition (flaps and landing gear up,
power off). The large increase In up elevator angle at low

speeds in the gliding coadition was believed to e caused by
separation cf the flow at the wing root as the stall was
approached. The static stablility possessed by this airplane
in the flaps-down, power-on conditions of Tlight was unusually
large, inasmuch as static instability is often encountered in
these conditions. ,

(2) The slope of the stick-force curves 1s negative at
the speeds at which the alrplane is trimmed in all conditions
of flight. This characteristic assures stick-free static
stability of the alrplane in all flight conditions, The
variations ¢t stick force with airspeed in the Ilaps-up con-
ditions have a characteristic shape that 1s bellieved to be
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causct by nonlinear hinge-roment properties of the elevator
and by the influence of the wing wake at the tail.

(3) The gradient of elevatcr control force was suffi-
cleantly large and the friction sufficiently small in all
conditions to return the control to Its trim position.

e elevator angles required for trim were well

a7 1
(A jos
available range in all conditions,

b7
within the
Chiaracteriastics of the elevator control in accelerated
flight. - The characteristics of the elevator control in
accelerated [light were determined from measurements taken
in abrupt pull-ups and push-downs from level fliight and in

rapid 180° turns. The results of the pull-ups and push-
Gowns are presented in figure 13, Time histories of repre-

sentative turas are presented in figures 1l to 17. The
results of the tests pertalning tc the elevator control may be
summarized as follows:

(1) The elevator control was sufficiently powerful to
develop eilther the maximum 1ift coefficient or the allowable
load factor at everv speed. This f{act was evident in pull-
ups macde at various speeds. :

(2) The normal acceleration was observed to increase
progressively with the elevator angle at any zgiven speed.

(3) Mgure 15 shows a time history of a turn in which
the stick was »nulled back until a stall occurred; an elevator
deflection of 12° from the trim position was required to
reach the maximunm 1ift coefficlent,  This deflection corre-
sponds to a stick movement of .6 inches, which satisfies
thie requirements of reference 1.

(L) "he wvariation of stlck force with normal accelera-

tion in 130° turns is plotted .in figure 13. a large increase
in stick Iorce and elevatnr angle occurred as the stall was
approached. for this reason, turns made at 1lift.coeIlficlents

near the stall required a greater force per g acceleration
than turns rade at low 1ift coefficients,

(5) On the vasis of the Torce required to make a g
turn, it is seen that about 30 pounds per g wag required
to make highly accelerated turns. hisg value Ls considered
excessive, for scout-bouber airplanes, such as the XSBA-1,
a value of 15 nounds rer g seems reasonable as an acceptable
upper limit of stick forces.



Charscteristics of the elevator control in landing. -
The elevator control was sufficlently powerful to hold the
airnlane off the ground until three point contact was made,
The average of recnrds taken of severazl landings shows that
219 up elevator defliection vsas rejuired to make a three-point
landing. In the cases of several low-wing airplanes that
have been tested, about LG° more up elevator deflection was
required to luand than to reach the stall in the landing con-
dition at altituce. In the case of the XSRA-1 eirplane,
however, the un elevator deflection required to land was
sbout the same as that needed to stall. The reason for this
condition is belierd to be that separation of the rlow from
the wing root reduced the downwesh at the tall as the stall
was uppraaCﬁnd, Wus* as the ground effect reduces the down-
wash at the tall when the alrplane is landing. The elevator
control force requ*”oc to make a three-point landing was about
L1 pounds. This force is considercd excessive and is larger
than the upper 1imit of 26 vounds recommended in rclerence 1.

Charscteristics of the elevator control in take-off. =
The clevator was ardecquate to raise tre tarl or to adjust the
attitude angle es deslired during take-ofr. Pigure 19 shows
a time history of a take-off in which the tail was raised
fairly early In the run.

Trim changes due to power and flaps. - The trim change
caused by lowering the flaps was in the directlion tending to
cause the airnisne to nose upn. Lowering the 1dnd*ng gear
caused the airplane to nose down. a push force of about 16
pounds was rejuired to malintain trim if the rlaps and the
landing gear were lowered with power on at 120 miles per Lour.

This trim change is in the oppoaite direction to that usually
- considered desirable. Aprlication of power with laps and
landing gear up had a =li;..t tendency to nose the airplane up.
With flaps and landinggear down, this tendency was increased.

A pusL force of about 18 pounds was required to maintain trim
at 120 miles per hour if full power was anplied when flaps and
landing gear were dovn, The stick-Torce change at 120 miles
per hour in going from the flans-up, power- 01f condition to the
flaps=~down, full-power condition was about 33 pounds, which
exceeds the upper limit of 35 pounds recormmended in reference 1,

Characteristics of the lorgitndﬁnal trimming device., =~
The stick iforce ver uegree trimming-tab chenge as a function
of indicated airspeed in various flight conditions Is shown
in figure 20, The trimming-tab %ettlng required to trim &t
zero stick force in these cand“tlons is plotted in figures
9 to 11. The trimming tabs were sufficliently powerful to
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reduce the stick force to zero at any p Lt in the speed
rdnbe in the nower-on flight cqnc1uvon. the power-off

onditions, the airpnlans could be trimmed at all speeds in
t,hv speed range greater than 10 mliles per hour above the
stalil, Unless changed ranually, the trimming device
retained a glven setting indefinitely.

i—-i

Craracteristics of uncontrolled latersl and directional
rmotlon., - The lateral motion of the Brewster XS5BA-1 alrplane
withh controls free following a disturbance was measured in
the crulsing, gliding, and lanaing {light conditions at
various speeds, The period and damping of these lateral
oscillations as functions of airspeed are shown in figure 21.
The conclusions reached with regard to the uncontrolled
lateral and directional motion are as follows:

(1) 1In all cases, the lateral oscillations were well
damned and met the requirements of reference 1.

. (2) Vihen the allerons were deflected and released
quickly, tlhey returned to thelir trim position. No oscilla-
tion of the allerons themselves was noted.

(%) When the rudder was deflected and released quickly,
it returncd to its trim position. o oscillation of the
rudder itselfl was noted.,

Alleron econtrol ciaracteristics. - The effectiveness of
the allerons o7 the Rrewster A{5BA-1 airplane was determined
by recordinzg the rolling and yawing velocities produced by
abruptly deflscting the ailerons at various speeds while the
rudder was held flxed The roiling acceleration was obtained
by differentisting the angular-velocity record. The alleron
angles and forces and the angle of gideslip were also measured,

[

leron tests are presented in fig-
ures 22 to 2l igures 22 and 235 show thie variation of the
maximum vaTues of sideslip angle, alleron force, rolling
velocity, and rollln; acceleration reached in alleron rolls
with various altleron deflectlons in the cruising and landing
conditions at low sneeds, The gquantities are plotted agalinst
total alleron deflection, which is the sum of the deflections
of the right and left allerons from their trim positions.

The res wlts of the 4
*:1:

The results may be surmarized as follows:

(1) Tre rolling veloclity varied linearly with total
aileron deflection. At a gilven speed, the rolling velocity
was practically unalfected by flap or power condltion.
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(2) The variation of rolling acceleration with time
following an abrupt control def]ection was always in the
correct directinn and reached & maximum value in less than
0.2 second after the controls reached their given deflectlon.

{(3) The Y.5BA-1 ailerons gave a naximum value of helix
angle pb/2V of o 075 in right rolls and 0.085 in left rolls,
This value was prectically constant over the entire speed range.

‘(i) The variation of «ileron force with deflection was
approximately linear for about three-quarters of the maximum
aileron deflection. Mrom this point, the force increased
rapidly to wmuch larger values. This rapid increcase of force
was probably caused by sepuration of the flow from the lower
surface »f the ailleron deflected upward. The balancing
action of the projection on the Irise alleron was thereby
reduced. The increase of force with deflection was so rapid
that the force. reqguired to reach full deflectlon varied
greatly with the setting of the stop in the alileron linkage,
Evidence of the separation of flow from the lower surlface of
the aileron deflected upward is found in the curves ol maximum
gideslip angsle ageinat alleron deflection. The sideslip
angle increases up to the point where the separation sets in.
At higher deflections, it is reduced vy the favorable yawing
moment caused by the drag on. the aileron deflected upward.

Recause of the Fflexibility of the aileron linkage, the
total alleron angle reached WmS probably less than that
recorded 1ln the rear cockpilt. The flexibility of tihie system,
combined with the llow separation on the aileron deflected
upward, caused a violent shalking of the up alleron when it was
fully deflected at speeds above 120 miles per hour.

The aileron forces for maximum deflection were consldered
excaessive, Fron figure 2l, it is seen that a force greater
than 20 pounds was rejquired to obtain full alleron deflectlon
even at the minirmm flving speed and that, at 175 miles per
hour, which was about {0 e cent of the maximum indicated
speed, & force of about la nounds was required, This force
exceeds the upper limit of %0 pounds at 00 percent of the
maximum indicated speed glven in reference 1,

Yaw due to ailerons. - With rudder locked at 110 percent
of the minimum speed, the maximum change in sideslip developed
as a result of fmll alleron deflection was sbout 20%, which
1s the naxinmum allowahle sldeslin angle recormended in
relference 1.




11

' Pollinr moment due to sldeslip. ~ The rolling moment due
to sidesliyp wag measured by recording the alleron angles re-

u1¢ed in steady sideslips,. These measurements were made
at verious speeds in the c]lmb;ng, “1*ding, and landing con-
ditiorns, The results are presented in figures 25 to 30, in

which the rudder, ele vator, anct &lleron an 51@0, the angle of
bank, and the rudder force are plotted as functions of the

sldeslip angle The sideslin anzle plotted 1s simp7y that
recorced by tpe vail van The recorded angles of sideslip
niay have differed as mubh as 39 or L,° from the actual side-
slip angles. This error would be sinply & shift of the zero
settfnq. The slopes of the curves of the plotted gquantities
may therefore be considered correct The conclusions reached
are as follows:

(1) The dihedral effect was stable in all conditions
tested as shown by the curves of alleron nosition agalnst
sideslip

(2) The aileron forces were nnt measured in sideslips;
howesver, it was noted that the aileror always tended to
return to a Ltrin position when released

(3) Tre rolling moment due to sideslip was never so
great that & reverssal of rclling velocity occurred as a result
of yaw due to ailerons.

Rudder control characteristics. - The rudder control
characteristics were Investigated 1n steady flight, in side-
slips, in «brupt rudder licks, and in rolls in which the

dder waas used to maintain zero sideslin. In the rudder-
kick maneuvers, records were taken nof rudder position, of
rolling, pitching, and yawing veloclty, and of sideslip angle
resulting from cbrupt deflections of the rudder in steady
flight winile the other controls were held rixed. The results
of the rudder icks are shown in fizures %21 to 33, The
results »f the sideslins are shown in figureg 25 to 30. The
variation of rudae: an_ie required for trim in steady flight
with indicuted airspeed is chown in figure 2l..  Time histories
of aileron rolls in which tre rudder vwas used to hold zero
sideslip are shown in figures 35 and 36,

The results may be suraarized as follows:

(1) The rudéer control wns suflt'lciently powerful to
overcome the adwverse aileron vawing moment in all conditlions
tes bea. ”b*s fact is shown by the time historlies oI alleron
rolls(figs. 35 and 36), in which the rudder was used to



overcome the adverse vaw. In right rolls, nearly full rudder
was required to overcome aileron yaw in tlie landing condition,

nt“v powerful to meintain
T and landing.

m'ﬁ
0
o o

(3) Figure 3l shows that, for each condition tested, the
rulder was uf4lclent¢y vnme=Jul to trim the airplane at all
speeuu areater than the min saum speed of the ailrplane,

(ll) The effectiveness of the rudder in recovering from
spins was not investigated.

{(5) The rudder control Torce was proportional to the
rudder dellecticon. Fight rudder nrcece was reguired to hold
right rudder deflections and letft rudder iforce was required
to hinld left rmadder Ceflections.

(€) Tle curves of rudder force against angle ol side-
slip show that the rucder was uncomfortably heavy. The
beavy rudder forces require considerable exertion on the nart
of the pilect in maneuvering and also have the disadvantage
that they reduce the maximum rudder deflectlon that can be
attained teczause ol stretch in the rndder cables.

Vav*ng movient due o sideslip. - Characteristics of the
vawing wmonent duve 1o slideslip were found to be as follows:

(l) As hAas heen prevwousl( stated, the directicnal
stability was zufflicient to restrict the yaw due to allerons

8
to the smnecificed value.

(2) The vawing moment due to sideslip was such that the
rudder always moved In the correct directlion from the trim
poeition; that is, right rudder produced left sideslip and
left rudder DPOQLCU“ right sideslin, For angles of sideslip
between +15o the angle o :ldeslip was substantially propor-
tional to the ruade ceflection.

(3) The vawing moment due to sideslip (rudder free) was
such that the alrplane always tended to return to the trim
condition regardless of the angle of sideslip to which it was
forced,

Cross-wind-iforce characteristics, - The variation of
cross-wind force with sideslin angle, as measured in steady
sideslips was everywhere such that right bank accompanied

=1
W CA
right sideslip and left bank accomnanied left sideslip. The
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angle of bank reachied with maximunm sideslip was comparatively
smell, espectally at low. sonecds with nower off.

itching moment due to sideslip. - The curves cf ele-
vator angle abaiﬂst angle of sideslip shiow that the piltching
moment due to sidesllp was very snmell. In sidealips to the
left at 05 miles per Liour in the gliding condition, about 1s
o1 up elevateor deflection was required to maintain longi- f
tudinil trim when the sideslip was produced by a right rudder
dellection of 572, In all otlier cases, the asmount of elevator
deflecticn recuired for & rudder deflection of 5° was less
than 1°, It skould be noted, in Iinterpreting the curves of
angle of sideslip for a given airspeed, that there may be
some error in the indicated airsneed due to the angle of yaw
of the pitot-static hc .d.

Power ol rudder &1d 2ileron trimming devices. - No trim-
ming tab wads provided on the rudder on the ASBA-1 ai rplane-
however, the ruad r is buuioped with a trimming tab on the
production modGels of this airnlane,.

The eileron trimming tab was sufficlently powerful to
reduce the alleron forces to zero 1n all conditions of level
flight, Unless changed mannally, the trimming tab would
retain a glven setting ‘ndefinitelw.

STALLING CHARACTERIETICS

The etalling characteristics of the Brewster YSBA-1 air-
plane were determined by recording the riotiosn of the airplane
and the centrol positionn and orces during stalls made from
various ccnditlions of flight. In eacn condition, a 'stall
was made with the controls held fixed in thelr trim positions.
Stalls were then made in which control wes attempted with the
allerons alone. and with ti.e rudder &lone.

Thv results of these tests are presented in the form of
time histories (figs. 37 to 1i8)., The conclusions reached
ars as fuLlOWS

(1) In the giid'~g condition (flaps up, landing gear
up, power off), the u.controlled stall resulted in a rolling
and ritc h*ng osclilletion, ‘‘he airplane did not tend to
roll off, The stall appareﬁtly occeurred at the wing root
and spread grauv 11y to the tips. This gradusal stalling

P
Y

makes It difficult te assign a cdefinite value to the stalling
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sneed. The amnlitude of the oscillation could be reduced
conglderably by use of the ailerons alone, whereas control
with the rudder alone only slightly reduced the amplitude,

(2) In the crulsing condition (flaps up, landing gear
up, cruising power), the stall was somewhat more violent.
The airplane would roll off, usually to the left, if the
stall was not controlled. The roll-off was preceded by
rolling and pitching oscillations that served as & warning.
It was found possible to prevent the roll-off by use of the
ailerons but not by use of the rudder.

(3) The stall in the landing condition (flaps down,

lending gear down, nower off) resulted in a roll to the left

that was oreceded by some warning in the form of bulffeting
and pitching and rolling motions of the airplane,. In no

case was 1t possible to nrevent trke roll bv use of the con-
trols, though 1t could be delayed somewhat by means of the
rudder.

(L) The stall in the tale-off condition (flaps up,
landing gear down, full throttle) resulted in a rather mild
roll in either directlorn 17 the controls were held fixed.
The airplane could be controlled beyond the stall by either
the allerons or the rudder, though the response to the con-
trols was sluzgish.

(5) No time histories were prenared of stalls in the
approach condition (flaps half down, landing gear down,

partial power). This stall, however, was extrernely mild.
If no attewrpt at control was made, the airnlane would roll
slowly from its level sttitude. Good control could be

maintained with either the allerons or the rudder.

The following table gives the stalling speeds recorded
in the various flight conditionss
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Manifold Engine Indicated
. pressure ) flap Landing-gear| stalling
Condition| v ¢o00 rt ??ei? position position speed
(in. Hg) P (mph)
Gliding Throttle
closed |[====-~= Up Up 80
Cruising 25 1000 |~-vdo-=me|=n-u- dO==mm-= 66
Climbing %2 1800 |---do--=-|--v-"do~=mn- 68.5
Take~off 2l 2100 |---do-==-- Down 65
Approach 18 1900 |Half down|----- do-===- 58
Landing Throttle
closed |==w=-- Down cmem=QO=———- 70
Wave-off 3l 2100 | ---d0-=-=-~j~---~ Go-==m= inn

The stalling characteristics of the Brewster X3BA-1

airplane were considered to be unusually good.

The stall

was always preceded by adequate warning in the form of

rolling and pitching motions of the airplane. Mlight could
be maintained beyond the stall in all except the landing
condition.

CONCLUSIONS

The lying qualities of the Erewster XSRA-1 airplane
with original tall surfaces were determined from flight
measurements, Thie following conclusions anply for a center-
of-gravity locatlon at 25.5 percent of the mean aerodynanic
chord:

1. Thre variation of elevator angle with alrspeed indi-
cated positive stichk-fixed static longitudinal stability in
all conditions tested.

2. The varlation of elevator control force with air-
speed indlcated positive stick-free static longitudinal
stability in all conditions tested. - '

%2, The average elevator control force required in
hlghly accelerated maneuvers amounted to 30 pounds per g
normal acceleration. This value was considered undesirably
large. It far exceeds the gredient of 15 pounds per g
that seems reasonable as an upper linilt for scout-bomber
airplanes. -




h. The stick travel reguired to stall in maneuvers was
about 4.6 inches., This value was desirably large.

5. Trim changes caused Ly depressing the [laps were
rather large and were in the directlon causing the nose to
rise. Application of power with flaps cdown likewise caused
a nosing-up Tendency. The sticlk-force change at 120 miles
per bour in golng from the laps-up, power-or'f condition to
theilaps-MJWL, full -power condition was about 38 pounds,
which exceeds the recommended upper limilt of ?5 pounds.

6. The motion of the airplane with controls free was
normal. Lateral oscillationes damped to 1 amplitude in less
an 2 cycles., - 1Mo undamped short-pericd©oscillations of the
ols thcuuelch existed.

7. The aileron effectiveness was sufficlent to give a
value of the helix anglc pb/2V of 0.075 radian in right rolls,
0.085 radian in left »olls., The aileron elfectlveness was
considered satislactory,

8. The aileron furces were considered undesirably large
A stick force of about 1.2 pounds was required for full deflec-
tion of the aileron control stick at 175 miles per hour; this
value exceeds the recormended limit of %0 pounds, A violent
sheking of the aileron deflected urward occurred at full
deflection of the controls,

9. The directionul stability was sufficliently large to
limit the yaw causcd by ful1 deflectlon of the ailerons with

rudder fixed to ahout 20° at low {1lying speeds. The rolling
noment due to sideslip was always positive, The pitching

moment due to sideslin was deslirably smell in all flight
conditions.

10. The rudder contrn™ was sufficiently effective to
maintain straight £light a2 mininum sveed in all flight con-
ditions., Tt was also powerful encugh to overcome aileron
yaw in all conditions, though almost full deflectlion of the
rudder was required for this purpose in right rolls at low
speed in the landing conditien ([laps down, power off).

The forces required to deflect the rudder b@tl in maneuvering
and in counteract Lng trim chunfcs were considered excessive.,

11, The stalling charavreristicu were good.  Adequate
stall warning existed in all conditions of flight in the
form of pitching and rolling motlons of the airplane. Con-
trol of the alrplane n a partly stalled condition could be
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maintained in all except the landing condition. Recovery
from the stall was prompt in all conditions.

Langley Memorial Aeronautical Laboratory,
National Advisory Comnmittee for Aeronautics,
Langley Pield, Va,

RESERELCE

1. Gilruth, R. R.: Iequirerents for Satisfactory Flying
Gualities oI Airplanes, HACA A.C.R., Aprll 1941,



Figure 3.— 8ide-view of Brewster XSBA—1l airplane.
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Brewater XSBA-l airplane.

Control 1s effectively maintained by use of.the ailerons.
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Figure 43. - Time history of a stall in the lan
Controls held fixed until roll-off to left o
slight rolling and pitching oscillations.

ding condition (flaps down, gear down, power off).
Note adequate stall warning in form of

ccurred.

Brewster XSBA-~l airplane.
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Pigure 44, - Time history of a stall in the landing condftion (flaps down, gear down, power off).
Control attempted with alleron was i{neffective in preventing roll-off to left. Brewster
X3SBA-1 sirplane.

(1 block = 10/32")
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Figure 45. ~ Time history of a stall in the landing condition (flaps down, gear down, power off).

Control maintained by use of rudder until roll-off to the left occurred.

airplane.
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Figure 46. - Time history of a stall in the take-off condition (flaps up, gear down, 35 inches
Hg manifold pressure, 2050 rpm). Controls held fixed until mild roll-off to right occurred.
Notestall warning in form of rolling and pitching oscillation. Brewster XSBA-l airplane,

(1 block = 10/32")
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Figure 47, - Time history of a stall in the take-off condition (flaps up, gear down, 35 inches Hg

manifold pressure, 2050 rpm).
eirplane.

Control maintained by use of the allerons. Brewster XSBA-l

(lblock=10/32")
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Figure 48. - Time history of a stall in the take-off condition (flaps up, gear down, 35 inches
Hg manifold pressure, 2050 rpm). Control 1s maintsined by use of the rudder, though
Brewster XSBA-1l airplane.

rolling oscillation is rather violent.



